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UAV-Assisted Time-Efficient Data Collection via
Uplink NOMA
Wei Wang, Graduate Student Member, IEEE, Nan Zhao, Senior Member, IEEE, Li Chen, Xin Liu, Senior
Member, IEEE, Yunfei Chen, Senior Member, IEEE, and Dusit Niyato, Fellow, IEEE
Abstract—Due to the mobility and line-of-sight conditions, un-
manned aerial vehicle (UAV) is deemed as a promising solution to
sensor data collection. On the other hand, it is vital to guarantee
the timeliness of information for UAV-assisted data collection. In
this paper, we propose a time-efficient data collection scheme,
in which multiple ground devices upload their data to the UAV
via uplink non-orthogonal multiple access (NOMA). The total
flight time of the UAV is equally divided into N time slots. The
duration of each time slot is minimized by jointly optimizing the
straight-line trajectory, device scheduling, and transmit power.
To solve this mixed integer non-convex optimization problem,
we decompose it into two steps. In the first step, we study
the device scheduling strategy based on the UAV trajectory
and the channel gains between the UAV and ground devices,
through which the original problem can be greatly simplified.
In the second step, the duration of each time slot is minimized
by optimizing the transmit power and the UAV trajectory. An
iterative algorithm based on alternating optimization is proposed,
where each subproblem can be alternatively solved by applying
successive convex approximation with the device scheduling
updated at the end of each iteration. Numerical results are
presented to evaluate the effectiveness of the proposed scheme.
Index Terms—Data collection, non-orthogonal multiple access,
successive convex approximation, trajectory optimization, un-
manned aerial vehicle.
I. INTRODUCTION
Unmanned aerial vehicle (UAV) communication is a promis-
ing technology for future mobile networks, which has attracted
wide interest recently due to its flexible deployment, high mo-
bility, and favorable line-of-sight (LoS) conditions [2]. UAVs
can work as aerial mobile users, which are integrated into
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cellular networks and served by ground base stations (BSs) [3],
[4]. Mei et al. introduced a novel inter-cell interference coor-
dination design in [3] to mitigate the strong uplink interference
in cellular-connected UAV communication. In [4], Pang et al.
investigated the uplink transmission in a cellular network from
a UAV to its connected BS via non-orthogonal multiple access
(NOMA). UAVs can also be quickly and efficiently deployed
as aerial BS or relay to serve existing cellular networks and
improve the quality of service (QoS) of ground users [5]–
[7]. Lyu et al. investigated the placement of UAV-mounted
mobile BSs in [5]. In [6], Gong et al. proposed a superimposed
training-based two-phase robust channel estimation scheme for
UAV-assisted cellular networks. In [7], Zhang et al. proposed a
UAV-assisted mobile edge computing system, where the UAV
is deployed as a mobile decode-and-forward relay.
On the other hand, with the tremendous utilization of the
Internet of Things (IoT) devices, data collection becomes an
important function in wireless sensor networks [8]. How-
ever, imprecise deployment leads to the disconnection of
IoT devices in the remote areas or complex environment.
Furthermore, UAV-assisted systems are expected to be an ef-
fective solution to this challenge [9]–[11]. The network energy
efficiency and flight time minimization were investigated for
wireless sensor networks by utilizing the UAV as a mobile data
collector in [9] and [10], respectively. Samir et al. presented
the UAV trajectory planning scheme for collecting data from
time-constrained IoT devices with guaranteed performance
in [11]. Different from conventional data collection systems,
UAVs enable ground devices to transmit data to UAVs directly
through LoS channels, leading to less energy consumption and
higher transmission efficiency. In addition, UAVs can fly closer
to the devices, adjust positions or even hover over them to
achieve high QoS. Also, owing to the high flexibility, UAVs are
more suitable for data collection in some emergency scenarios
or infrastructure-free environments.
Despite the considerable benefits of UAV-assisted data col-
lection, the limited flying time of UAV becomes a bottleneck
in its applications. On the other hand, the large number of
ground devices requires a long data uploading time. Therefore,
within the limited flying time, it is important to improve the
data collection efficiency. In this case, NOMA becomes an
option [12], [13]. In power-domain NOMA, multiple users
are allocated with different transmit power levels. Their sig-
nals are superimposed in the power domain and transmit-
ted simultaneously. At the receiver, successive interference
cancellation (SIC) is adopted to remove the multiple-access
interference [14]. Owing to this, much research has been
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conducted on UAV-assisted NOMA communications [15]–
[23]. For example, Rupasinghe et al. introduced NOMA at
UAV-BSs to serve more users simultaneously with millimeter-
wave transmission and multi-antenna techniques in [15]. A
novel scheme was proposed by Liu et al. to deal with the air-
to-ground communication-assisted cooperative NOMA in [18].
In [19], Wang et al. presented a UAV-aided NOMA scheme
to achieve secure wireless information and power transfer.
Two schemes were proposed by Zhao et al. to guarantee the
secure transmission in NOMA-UAV networks in [20]. A power
allocation scheme with circular trajectory was proposed by
Chen et al. for NOMA-UAV networks in [23] to maximize the
sum rate of common users while guaranteeing the security for
a specific user. Using NOMA, UAVs can serve multiple ground
devices simultaneously for timely and efficient information
gathering [24]–[29]. Nasir et al. proposed a UAV-enabled
multiuser communication system, in which a single-antenna
UAV-BS serves a large number of ground users by employing
NOMA [25]. Hou et al. investigated the multiple antenna aided
NOMA in UAV networks in [26]. The joint trajectory design
and resource allocation were discussed by Cui et al. in [27]
to maximize the minimum average rate among ground users
for UAV networks utilizing both orthogonal multiple access
(OMA) and NOMA. Zhao et al. proposed a UAV-assisted
NOMA network, in which the UAV and BS cooperate to
serve ground users simultaneously in [28]. The UAV mission
completion time minimization problem in the ground-aerial
uplink NOMA celluar networks was investigated by Mu et al.
in [29].
The aforementioned research works have laid solid foun-
dations on UAV-assisted NOMA networks. However, few
research works have focused on uplink NOMA-UAV data
collection [30]. Motivated by this, we propose a UAV-assisted
data collection scheme via uplink NOMA. The main motiva-
tions and key contributions are summarized as follows.
• To the best of our knowledge, the investigation on the
application of NOMA in UAV data collection is still in its
infancy stage [30]. Thus, in this paper, we propose a joint
optimization scheme for UAV-assisted uplink NOMA
networks, which can achieve efficient data collection from
ground devices. Different from [30], the UAV only allows
a limited number of nearby devices to be connected to
the uplink NOMA network in each time slot, leading to
better LoS and easier SIC. The straight-line trajectory is
optimized to enable all the ground devices to upload data
to the UAV according to the device scheduling strategy.
• In the proposed scheme, the UAV flies straightly from
the directly initial location to the destination to gather
data from multiple ground devices via uplink NOMA. We
formulate the time minimization problem based on the
scheme by jointly optimizing the straight-line trajectory,
device scheduling, and transmit power, under constraints
on mobility and predefined data transmission threshold
Ith. To solve this mixed integer non-convex optimization
problem, we first propose a device scheduling strategy
based on the straight-line trajectory and channel gains,
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Fig. 1. UAV-assisted uplink NOMA network for data collection from K
ground devices.
• Based on the device scheduling, the duration of each
time slot can be optimized on UAV-assisted NOMA
communications by two subproblems, i.e., the transmit
power optimization and trajectory optimization. Each
subproblem is first converted into a convex problem
via successive convex approximation (SCA). Then, we
propose an iterative algorithm based on alternating op-
timization to solve them alternatively with the device
scheduling updated at the end of each iteration.
The rest of this paper is organized as follows. In Section II,
the system model is presented, and the optimization problem is
formulated with the device scheduling strategy. The approx-
imation and optimization solutions to the joint optimization
problem are demonstrated in Section III. In Section IV, simu-
lation results are presented, followed by conclusions and future
work in Section V.
Notation: Lower-case letters denote the scalars, vectors are
denoted by black-body lowercase letters while black-body
upper-case letters denote the real matrix. Curlicue letters are
the column vector of matrix. Ra×b is the a × b-dimensional
real matrix. CN (n,N) is the complex Gaussian distribution
with mean matrix n and covariance matrix N. A ≽ 0 means
that A is a Hermitian positive semidefinite matrix. ▽ denotes
the gradient, and ∂
2f
∂x2 is the second order partial derivative of
the function f with respect to variable x. For a vector q, qT
denotes its transpose and ∥q∥ is the Euclidean norm. card(A)
denotes the cardinality of a set A. The difference of sets A
and B denotes as A− B.
II. SYSTEM MODEL AND PROBLEM FORMULATION
In this section, the system model of UAV-assisted uplink
NOMA networks for data collection is presented and the
optimization problem is formulated.
A. System Model
As shown in Fig. 1, we consider a UAV-assisted uplink NO-
MA network, in which the UAV collects data from K ground
devices. The devices are indexed by K = {1, 2, . . . ,K}, which
are randomly distributed in a remote area. Each device has a
fixed location (uTk , 0) = (xk, yk, 0). The UAV is deployed to
fly straightly from an initial location (qTb ,H) to the destination
(qTe ,H) with a constant altitude H , where qb = (xb, 0)T and
qe = (xe, 0)T. In each time slot, the UAV searches for the
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nearby ground devices, allowing them to access the uplink
NOMA network and send data to the UAV. Assume that all the
devices have the same minimum data transmission threshold
Ith (bit/Hz), i.e., the UAV should collect enough data from
each ground device.
The goal is to minimize the total UAV flight time, and
guarantee that the UAV can collect enough data from the
devices. According to the time discretization (TD) method,
we assume that the total flight time can be equally divided
into N time slots as
Ttotal = N∆t, (1)
where ∆t is the duration of each time slot, N should be chosen
large enough such that ∆t can be sufficiently small. As a





, n ∈ N = {1, 2, . . . , N}, (2)
where q[n] = (xu[n], 0)
T ∈ R2×1 is the horizontal location
of the UAV in the nth time slot with
xu[1] = xb, (3)
and
xu[N ] = xe. (4)
Furthermore, the mobility constraint of UAV can be ex-
pressed as ∣∣xu[n+ 1]− xu[n]∣∣ ≤ Vmax∆t, (5)
where Vmax denotes the maximum speed of UAV. We have
Vmax∆t ≤ ε ≪ H , so that the distance between the UAV
and each device is approximately unchanged and the speed of
UAV is regarded as a constant within each time slot.
In this paper, we assume that the UAV flies in a straight
line with fixed altitude. Thus, the distance between the UAV
and the kth device in the nth time slot can be denoted as
dk[n] =
√
H2 + (xu[n]− xk)2 + y2k, ∀n, k. (6)
The transmit power of the kth ground device in the nth time
slot can be expressed as
0 ≤ Pk[n] ≤ Pmax, ∀n, k, (7)
where Pmax denotes the maximum transmit power for each
ground device.
For convenience, we define a binary variable αk[n] ∈ {0, 1}
to denote the scheduling of the kth device for UAV in the nth
time slot as
αk[n] = {0, 1}, ∀k ∈ K, ∀n, (8)∑
k∈K
αk[n] = S, ∀n, (9)
where αk[n] = 1 indicates that the UAV allows the kth device
to connect to the uplink NOMA network in the nth time slot,
while αk[n] = 0 implies that the connection for the kth device
is denied. In addition, S is the total number of accessible
devices in each time slot based on design requirements.
According to the air-to-ground channel modeling [31], [32],
the probability of LoS air-ground links can be written as
PLoS =
1
1 + a0 exp (−b0 (θk − a0))
, (10)
where a0 and b0 are environmental constants. The elevation




(xu[n]− xk)2 + y2k
 . (11)
In the proposed scheme, the number of accessible devices in
each time slot S is much less than the number of total devices
K, i.e., S ≪ K. Thus, the S closest devices to the UAV
are scheduled to upload their data in each time slot, which
makes the LoS probability always close to 1 during the flight
when the altitude H is high enough according to (10) and
(11). Thus, we assume that the communication links between
the UAV and ground devices are dominated by LoS links and
the channel gain only depends on the UAV-device distance.
Furthermore, the Doppler effect caused by the UAV mobility
is assumed to be well compensated. Accordingly, the channel
gain between the UAV and the kth device in the nth time slot




H2 + (xu[n]− xk)2 + y2k
, ∀n, k, (12)
where β0 is the channel power gain at the reference distance
of 1 meter.
We further define the access matrix for all the time slots as
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where the nth column denotes the access group in the nth
time slot as Mn = {Mn1 ,Mn2 , . . . ,MnS } ⊆ K, in which
the accessible devices are sorted increasingly by the distances
from the UAV as
du,Mn1 [n] ≤ du,Mn2 [n] ≤ · · · ≤ du,MnS [n]. (14)
Thus, the UAV allows the devices to access the NOMA
network according to (13). The scheduling of the lth device
in the nth time slot can be set as{
αl[n] = 1, l ∈ Mn,
αl[n] = 0, otherwise.
(15)
The received superimposed messages at the UAV via uplink





PMni [n]hMni [n]sMni [n]+nu,∀M
n
i ∈ Mn, (16)




∣∣sMni [n]∣∣2 = 1, and nu ∼ CN (0, σ2) denotes the additive
white Gaussian noise (AWGN) at the UAV, with zero mean
and variance σ2.
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The UAV employs SIC to eliminate the multi-access in-
terference based on different power levels and decode the
messages from different users. In the uplink NOMA, the
information of a user with higher channel gain is usually first
decoded to maximize the sum rate [33], [34]. Thus, the SIC
order at the UAV is the same as (14), i.e., from Mn1 to M
n
S .
The received signal-to-interference-plus-noise (SINR) of the
Mni th device, 1 ≤ i ≤ S − 1, at the UAV in the nth time slot







∣∣∣hMnj [n]∣∣∣2 + σ2
. (17)


























Particularly, for the MnS th device, the received SINR at the
UAV can be denoted as




Therefore, the achievable transmission rate from the Mni th
device to the UAV in the nth time slot in bit/second/Hertz is
given by




, i ∈ S = {1, 2, . . . , S}. (21)
Remark 1: (1) In the proposed scheme, the number of
accessible devices S in each time slot is usually much less
than the total number of ground devices K, which leads to
higher probability of LoS links. In addition, S ≪ K reduces
the error accumulation and complexity for SIC, which makes
it more practical.
(2) The SIC order depends on the difference of channel gain.
It is worth noticing that the channel quality between the UAV
and each device is varying during the flight. Thus, the SIC
order is always changing, and the achievable rate of devices
is difficult to obtain. To solve it, we define Mn to present the
SIC order in the nth time slot, and the instantaneous rate of
each device can be obtained by RMni [n] in (21).
B. Problem Formulation
Both path discretization (PD) and TD can be used to solve
the trajectory design problem. For the PD scheme [29], [35],
[36], its basic idea is to divide the continuous UAV trajectory
into N consecutive line segments connected by a huge number
of discrete points, while the time duration denoted as {tn, ∀n}
that the UAV spends on can be different. As such, PD can be
regarded as a more general case of TD by allowing unequal
time-slot lengths over different line segments. Thus, PD can
also be applied to the total flight time minimization problem.
However, compared to the TD scheme, more design variables,
i.e., {X}, {A}, {P} and {tn, ∀n}, are coupled together, making
the PD scheme much more complex and difficult to obtain its
feasible solution. In addition, the TD scheme is still suitable
by tuning the value of N if the total flight time itself needs to
be optimized. Thus, we choose the TD scheme in this paper.
To guarantee the effectiveness of data collection, we minimize
the duration of each time slot ∆t1 by jointly optimizing the
device scheduling A = {αk[n], ∀k ∈ K, ∀n ∈ N}, the UAV
straight trajectory X = {xu[n], ∀n ∈ N} and the transmit
power P = {Pk[n], ∀k ∈ K,∀n ∈ N}, with predefined Ith.







αk[n] = S, ∀k ∈ K, (22b)
N∑
n=1
αk[n]Rk[n]∆t ≥ Ith, ∀k ∈ K, (22c)
xu[1] = xb, xu[N ] = xe, (22d)∣∣xu[n+ 1]−xu[n]∣∣≤Vmax∆t, n∈N−{N}, (22e)
0 ≤ Pk[n] ≤ Pmax, ∀n ∈ N , k ∈ K. (22f)
Before the flight, the solution to (22) should be calculated
offline by the ground station, which is then fed back to the
UAV. At the beginning of the flight, the UAV first sends
the solution to the close devices, which is then broadcast
to other devices via an ad-hoc network. Thus, the devices
can determine the transmit power and when to transmit in
a distributed way. Note that this optimization problem is
non-convex due to the non-convex constraints and the binary
variables αk[n], which is difficult to solve directly.
C. Device Scheduling Strategy
The binary variables in (22) makes the problem a mix-
integer programming. Thus, we propose a device scheduling
strategy according to the varying channel gains between UAV
and ground devices to tackle it. In the proposed scheme, the
UAV selects S devices to access the uplink NOMA network in





choices. When K ≫ S,
its complexity increases rapidly. In addition, it is necessary to
guarantee that each device can deliver more than Ith bit/Hz to
the UAV. Thus, we should perform the selection properly in
each time slot. As mentioned above, we utilize M to simplify
this problem, which is obtained based on the UAV trajectory
and the varying channel gains between the UAV and ground
devices.
According to Remark 1, the varying decoding order leads
to the difficulty in calculating the instantaneous rate of each
device. Thus, based on (15), we utilize M in (13) to replace A,
and introduce auxiliary sets as Wk = {(i, n)|Mni = k, ∀i ∈
1When the optimized ∆∗t is not sufficiently small to satisfy Vmax∆
∗
t ≤
ε ≪ H , we can increase N to further minimize ∆∗t .
5
S, ∀n ∈ N}, ∀k ∈ K. Then, the optimization problem in (22)







RMni [n]∆t ≥ Ith, (i, n) ∈ Wk, ∀k ∈ K, (23b)
xu[1] = xb, xu[N ] = xe, (23c)∣∣xu[n+ 1]−xu[n]∣∣≤Vmax∆t, n∈N−{N}, (23d)
0 ≤ PMni [n] ≤ Pmax, ∀i ∈ S, ∀n ∈ N . (23e)
M is an S × N matrix, in which each element represents
the accessible device and the columns denote the varying
SIC order over time slots. Thus, we proposed an effective
device scheduling strategy to determine the devices to access
the uplink NOMA network in each time slot, summarized as
Algorithm 1.
Algorithm 1 Device scheduling strategy
1: Initialization: Fix the accessible number of devices S, and
initialize the access matrix M. For a given trajectory X,
and set the time slot n = 1.
2: Repeat
3: For xu[n], calculate the distances of devices from UAV
by (6), and get the optimal access group Mn∗, which are
sorted in an ascending order of distances.
4: Set device scheduling {αl[n] = 1, l ∈ Mn∗}; while l /∈
Mn∗ , set them to zero.
5: n = n+ 1.
6: Until The maximum number of time slots N is satisfied.
7: Output: M∗ = {M1∗,M2∗, . . . ,MN∗}.
In Algorithm 1, the access matrix M is closely related with
the UAV trajectory X. Thus, M changes with X. Through
Algorithm 1, the optimal M∗ can be obtained for given UAV
trajectory X. Thus, the optimization problem can be simplified




s.t. Mni ∈ M∗, i ∈ S, n ∈ N , (24b)∑
n
RMni [n]∆t ≥ Ith, (i, n) ∈ Wk, ∀k ∈ K, (24c)
xu[1] = xb, xu[N ] = xe, (24d)∣∣xu[n+ 1]−xu[n]∣∣≤Vmax∆t, n∈N−{N} (24e)
0 ≤ PMni [n] ≤ Pmax, ∀i ∈ S, ∀n ∈ N . (24f)
However, due to the complexity of RMni [n], the problem in
(24) is still non-convex and cannot be solved directly. Thus,
it is decomposed into two subproblems in the next section
and solved iteratively. After each iteration, the suboptimal
trajectory can be obtained, and M∗ is updated by Algorithm
1 accordingly.
III. JOINT OPTIMIZATION OF POWER AND TRAJECTORY
In this section, we propose an effective algorithm to solve
the optimization problem in (24). First, we decompose it into
two subproblems. Then, the non-convex constraints are trans-
formed into convex ones by applying SCA approximations.
Finally, it is solved via alternating optimization.
A. Subproblem 1: Transmit Power Optimization
For a given UAV trajectory X, the optimization problem in




s.t. Mni ∈ M∗, i ∈ S, n ∈ N , (25b)∑
n
RMni [n]∆t ≥ Ith, (i, n) ∈ Wk,∀k ∈ K, (25c)
0 ≤ PMni [n] ≤ Pmax, ∀i ∈ S,∀n ∈ N . (25d)
P1 is difficult to solve due to the non-convex constraint (25c).
We exploit SCA to make it convex.
First, according to M∗ by Algorithm 1, (25c) can be
tightened as
RMni [n] ≥ ζ
Ith
card(WMni )∆t
,Mni ∈ Mn∗, ∀n ∈ N . (26)
where ζ denotes a relaxation factor.
To simplify it, we first introduce some auxiliary variables
as {mMni [n],M
n
i ∈ Mn} with
RMni [n] ≥ mMni [n]. (27)
Then, the inequality in (26) can be replaced by the following
constraint.




Due to the fact that 1∆t is a convex function with respect to







,Mni ∈ Mn∗, ∀n ∈ N . (29)




s.t. Mni ∈ M∗, i ∈ S, n ∈ N , (30b)
RMni [n] ≥ mMni [n],M
n






,Mni ∈Mn∗, n∈N , (30d)
0 ≤ PMni [n] ≤ Pmax, ∀i ∈ S, ∀n ∈ N . (30e)
Problem (30) is still non-convex owing to the non-convex





















Then, based on SCA, we further introduce auxiliary variables
{zMni [n], vMni [n], ∀M
n




























≥ mMni [n]. (34)
Note that the constraints (32)-(34) are still non-convex.
Thus, we introduce the Taylor series approximation and Propo-
sition 1 to transform (32) and (33) into convex ones.
For a differentiable convex function f(x), it can be approx-
imated by its tangential function as g (x, x̄), where g (x, x̄) is
the first order Taylor expansion around x̄. Thus, we have
f(x)≥g (x, x̄)=f(x̄) +▽f (x̄) (x−x̄) . (35)
When x = x̄, the equality holds.
Proposition 1: Define a function as
G(x) = ex, ∀x ∈ R. (36)
The first order Taylor approximation to G(x) around x̄ can be
expressed as
G(x, x̄) = ex̄(x− x̄+ 1). (37)
In this way, G(x) can be replaced by G(x, x̄).
Proof: The second order derivation of G(x) is
∂2G
∂x2
= ex ≥ 0. (38)
Hence, G(x) is convex with respect to x. According to the
Taylor series approximation, it satisfies the following inequal-
ity with any given x̄.
G(x) ≥ G(x, x̄) = ex̄(x− x̄+ 1). (39)
Similarly, the approximation in (39) holds with the conditions
x = x̄ satisfied. Thus, from the above derivation, (36) can be
replaced by (37).
According to Proposition 1, substituting auxiliary variables




























Therefore, the constraints (32) and (33) can be replaced by
(40) and (41), which are approximated as convex ones.
Then, (34) is non-convex. Although it can be transformed
to convex by simply taking exponential at both sides, it
cannot be solved effectively via CVX [37]. Thus, we introduce
Proposition 2 to approximate it.
Proposition 2: Define a bivariate function as
F (x, y) = log2(1 + e
x−y), (42)
where ∀x, y ∈ R. The first order Taylor approximation to
F (x, y) around (x̄, ȳ) can be expressed as






(1 +ex̄−ȳ) ln 2
× (x− x̄− y + ȳ) .
(43)
In this way, F (x, y) can be replaced by F(x̄, ȳ).
Proof: The Hessian matrix of F (x, y) can be expressed
as
▽2F (x, y) = e
x−y






Due to the fact that the Hessian matrix of F (x, y) is positive
semi-definite, this bivariate function is convex with respect
to x and y. According to the Taylor series approximation, it
satisfies the following inequality with any given x̄ and ȳ.






(1 + ex̄−ȳ) ln 2
× (x− x̄− y + ȳ) .
(45)
Similarly, the approximation in (45) holds with the conditions
{x = x̄, y = ȳ} satisfied. In this way, (42) can be replaced by
(43).
Thus, according to Proposition 2, we substitute auxiliary
variables {zMni [n], vMni [n]} into x and y in (43), respectively.






























Based on the above derivations, P1 has been transformed
into convex one (47) at the top of this page, which can be
solved by CVX.
B. Subproblem 2: UAV Trajectory Optimization
With the optimized transmit power P from solving (47), the




s.t. Mni ∈ M∗, i ∈ S, n ∈ N , (48b)
xu[1] = xb, xu[N ] = xe, (48c)∣∣xu[n+ 1]−xu[n]∣∣≤Vmax∆t, n∈N−{N}, (48d)∑
n
RMni [n]∆t≥Ith, (i, n) ∈ Wk,∀k ∈ K. (48e)
P2 cannot be solved directly due to the non-convexity of the
constraint (48e). Similar to approximating P1, we utilize SCA
to transform it.
First, according to M∗ by Algorithm 1, (48e) can be
transformed as
RMni [n] ≥ ζ
Ith
card(WMni )∆t














zMni [n]− z̄Mni [n] + 1
)

















































,Mni ∈ Mn∗, ∀n ∈ N ,
0 ≤ PMni [n] ≤ Pmax,∀i ∈ S, ∀n ∈ N .
(47)
By introducing some auxiliary variables as {mMni [n], ∀M
n
i ∈
Mn∗}, (49) can be approximated as
RMi [n] ≥ mMi [n], (50)




Similar to (29), the constraint (51) can be transformed into






,Mni ∈ Mn∗, ∀n ∈ N . (52)




















Similar to (32)-(34), we introduce auxiliary variables
{zMni [n], vMni [n], ∀M
n
i ∈ Mn∗} to approximate (53). As a



























≥ mMni [n],∀n. (56)
In the trajectory optimization, the UAV instantaneous position









≤ e−zMni [n], ∀n. (57)
Based on Proposition 2 and Proposition 3, these three con-
























































However, (59) is still a non-convex constraint and
cannot be solved. We further utilize auxiliary variables
{sMni [n], yMni [n], ∀M
n
i ∈ Mn∗} to approximate it. Assume






+ y2Mni . (61)















Based on the Taylor series approximation and Proposition
1, the above non-convex constraints (61)-(63) can be approx-



















sMni [n]− s̄Mni [n]
)









vMni [n]− v̄Mni [n] + 1
)
. (66)
Thus, the original non-convex constraint (59) can be approx-
imated by (64)-(66). As a result, all the non-convex constraints
are transformed into convex ones via SCA, and P2 can be
transformed into a convex one as (67) at the top of the next
page, which can be solved by CVX.
C. Alternating Optimization Algorithm
In Section IV-A and Section IV-B, the problem (24) has
been transformed into two convex subproblems, i.e., (47)
and (67). Thus, we propose an iterative algorithm to solve
them. After each iteration, M∗ is updated by Algorithm 1
accordingly. Thus, the original problem (23) can be solved
iteratively by Algorithm 2.
Algorithm 2 Alternating Optimization Algorithm for (23)
1: Initialize the UAV straight trajectory X0 and the transmit
power P0, set the index of iteration r = 1.
2: Repeat
3: For Xr, update M∗ via Algorithm 1.
4: For Xr, solve (47) using CVX to get the optimized values
Pr+1.
5: Using Pr+1, solve (67) using CVX to get the optimized
values Xr+1.
6: r = r + 1.
7: Until Convergence or the maximum number of iterations
is satisfied.
In addition, the performance of Algorithm 2 relies on the
initial UAV trajectory X0, which is set uniformly in the
proposed scheme as
x0u[n] = xb +
(n− 1)(xe − xb)
N − 1
, n ∈ N . (68)
The convergence of Algorithm 2 is shown in Remark 2.
Remark 2: For given {Xr,Pr}, the solution {Xr,Pr+1}
obtained in the (r + 1)th iteration by solving (47) is locally
optimal and the objective value is non-decreasing with itera-
tions. In the scheme, the objective value of (47) obtained by
Step 4 in Algorithm 2 is a lower bound of that in its original
problem (25). Similarly, the objective value of (67) is also a
lower bound of that in its original problem (48). Due to the
convexity of (47) and (67), each subproblem can be solved
to obtain a unique solution in each iteration. Furthermore, the
objective value of (23) is upper bounded by a finite value.
Therefore, Algorithm 2 can be guaranteed to converge to at
least a locally optimal solution.
After the solution is calculated, it should be spread among
ground devices. Nevertheless, the solution can be reused again
and again if the locations of devices are unchanged, and the
initialization will only be taken before the first flight.


























Fig. 2. The optimized UAV trajectory with 10 ground devices in the proposed
scheme. N = 400, S = 3, H = 150 m and Ith = 100 bit/Hz. The optimized
∆∗t = 0.4543 s.
D. Computational Complexity Analysis
The complexity of alternating optimization based algorithm
includes the complexity of updating M∗ in Algorithm 1, and
the complexity of solving problems (47) and (67). First, the
inner loop of Algorithm 1 executes K×N times, which results
in the complexity of O (KN). Then, it is worth noticing
that (47) and (67) in each iteration of Algorithm 2 are both
linear programming (LP). According to [37], the complexity of




, where nL denotes the dimension
of optimization variables and mL represents the number of
optimization constraints. Specifically, we have nL = 4KN
and mL = (4S + K)N for (47). Thus, the complexity of






where LP1 denotes the number of iterations. Similarly, let
LP2 denote the number of iterations required for solving
(67), and the corresponding complexity can be given by
O
(
LP2(5S +K)(5K + 1)
2N3
)
. Therefore, the overall com-
putational complexity of Algorithm 2 can be represented as
(69) at the top of the next page, where LAO is the number of
iterations required by Algorithm 2 to converge.
IV. SIMULATION RESULTS AND DISCUSSION
In this section, simulation results are presented to evaluate
the performance of the proposed UAV-assisted data collection
scheme via uplink NOMA. We set β0 = 10−5, σ2 = −110
dBm, Vmax = 30 m/s, Pmax = 1 mW. The minimum data
transmission threshold at all devices is assumed to be Ith =
100 bit/Hz. The predefined locations of UAV are xb = 0 and
xe = 1000 in meters. The relaxation factor ζ = 0.98. For
simplicity, we denote the kth device as Dk, k = 1, 2, . . . ,K,
and the total number of ground devices is K = 10. We set
H = 150 m to guarantee the high LoS probability according
to [38].
The optimized UAV trajectory with ground devices in the
proposed scheme is presented in Fig. 2. We set K = 10,
S = 3 and N = 400. The final optimized value of time
duration ∆∗t is 0.4543s, which can be calculated by Algorithm





s.t. Mni ∈ M∗, i ∈ S, n ∈ N ,
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Fig. 3. The optimized UAV position and instantaneous speed in the proposed
scheme. N = 400, S = 3, H = 150 m and Ith = 100 bit/Hz.
trajectory in (68) is optimized as in Fig. 2. The sparse parts of
the trajectory show the UAV flies at a high speed, while the
dense parts of the trajectory indicate that, the speed of UAV
is slow down at these locations to guarantee that the UAV can
collect enough data from the devices. To illustrate this further,
the optimized position and instantaneous speed of the UAV
in the proposed scheme with the same parameters are shown
in Fig. 3. From the results, we can observe that during the
flight, the instantaneous speed of UAV is optimized to change
between zero and Vmax, which satisfies the mobility constraint
of UAV. Particularly, the time slots that the UAV flies at a low






























Fig. 4. The optimized transmit power for each device over slots in the
proposed scheme. N = 400, S = 3, H = 150 m and Ith = 100 bit/Hz.
proposed scheme is also valid with more devices, the result of
which is similar and omitted here for simplicity.
In Fig. 4, the optimized transmit power of each device with
N = 400, S = 3, H = 150 m, and Ith = 100 bit/Hz in
the proposed scheme is presented. From the results, we can
see that the transmit power is varying over slots, due to the
fact that the location of the UAV is changing. Accordingly,
the accessible devices and Mn are also changing in each time
slot. In order to maximize the transmission rate, the accessible
device with better channel gain is optimized to upload data
at higher power. Particularly, the different transmit power
indicates different SIC decoding orders in each time slot.
10

































Fig. 5. The optimized instantaneous rates for different devices with N =
400, S = 3, H = 150 m and Ith = 100 bit/Hz in the proposed scheme.





























Fig. 6. The collected data from ground devices with N = 400, S = 3,
H = 150 m and Ith = 100 bit/Hz in the proposed scheme.
The accessible device with a higher channel gain transmits at
higher power with its information decoded first. Furthermore,
the optimized instantaneous rates for different devices with
the same parameters are compared in Fig. 5. From the results,
we can observe that only three devices can access the uplink
NOMA network in each time slot, and the instantaneous rates
of all accessible devices are high.
The collected data from all ground devices with N = 400,
S = 3, H = 150 m and Ith = 100 bit/Hz in the uplink NOMA
scheme are compared in Fig. 6. From the results, we can see
that the collected data from the devices increase with time
slots. At last, the amount of data collected from each device
is higher than Ith. In addition, the moment that the collected
data from a certain device starts to grow indicates that this
device is connected to the uplink NOMA network at this time
slot, while the collected data from one device remains constant
means that the device is out of the network.
To further evaluate the performance of the proposed NOMA
scheme, we introduce a frequency-division multiple access
(FDMA) data collection scheme. For bandwidth split µMni ∈
[0, 1], assume that 1 Hz bandwidth is divided equally for

































Fig. 7. The optimized UAV trajectory and instantaneous speed of the UAV
with N = 400, S = 3, H = 150 m and Ith = 100 bit/Hz in the FDMA
scheme. The optimized ∆∗t = 0.5188 s.
S accessible devices, e.g., µMni =
1
S . Then, the achievable
transmission rate of the FDMA scheme from the Mni th device
to the UAV in the nth time slot in bit/second/Hertz can be
formulated by

















s.t. Mni ∈ M∗, i ∈ S, n ∈ N ,∑
n
RFDMni [n]∆t ≥ Ith, (i, n) ∈ Wk,∀k ∈ K,
xu[1] = xb, xu[N ] = xe,∣∣xu[n+ 1]− xu[n]∣∣ ≤ Vmax∆t, n∈N−{N},
0 ≤ PMni [n] ≤ Pmax,∀i ∈ S, ∀n ∈ N .
(71)
The approximations and solutions for (71) are similar to the
proposed NOMA scheme. The designed device scheduling
strategy is also suitable for the FDMA scheme.
The optimized UAV trajectory and instantaneous speed of
the UAV in the FDMA scheme are compared in Fig. 7.
N = 400, S = 3, H = 150 m and Ith = 100 bit/Hz. From
the results, we can observe that with the FDMA scheme, the
optimized trajectory has longer length of dense parts compared
with that of the proposed NOMA scheme in Fig. 2. It indicates
that the UAV needs to slow down over lots of time slots
to collect enough data because of the lower achievable rate
in the FDMA scheme compared with that of the proposed
NOMA scheme, which results in the longer ∆∗t and T
∗
total.
To further demonstrate the effectiveness of the proposed
uplink NOMA scheme, we consider the optimized duration
of each time slot ∆∗t and optimized total time T
∗
total with
different data transmission threshold Ith in Fig. 8. Without
loss of generality, four situations have been discussed, i.e.,
the FDMA scheme with uniform speed, the FDMA scheme
with joint optimization, the NOMA scheme with uniform
11
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Fig. 8. The optimized duration of each time slot ∆∗t and optimized total
time T ∗total with different values of Ith for different schemes. N = 400,
S = 3 and H = 150 m.


































Fig. 9. The optimized UAV trajectory and instantaneous speed of the UAV
with N = 400, S = 1, H = 150 m and Ith = 100 bit/Hz in the TDMA
scheme. The optimized ∆∗t = 0.4689 s.
speed, the NOMA scheme with joint optimization. N = 400,
S = 3 and H = 150 m. From the results, we can observe
that the optimized ∆∗t and the optimized T
∗
total increase with
the growth of Ith. When the threshold Ith is fixed, the
optimized ∆∗t and T
∗
total in the proposed NOMA scheme
are always shorter than other three schemes. In addition, it
is worth noticing that when the threshold Ith increases, the
gap between the NOMA scheme and the FDMA scheme is
gradually widening, which verifies the superiority of NOMA-
UAV data collection from ground devices.
Furthermore, the optimized UAV trajectory and instanta-
neous speed of the UAV in the time-division multiple ac-
cess (TDMA) scheme are compared in Fig. 9. N = 400,
S = 1, H = 150 m and Ith = 100 bit/Hz. The optimized
∆∗t = 0.4689 s, which is worse than that of the proposed
NOMA scheme. From the results, we can observe that with
the TDMA scheme, the optimized trajectory has more dense
parts compared with that of the proposed NOMA scheme in
Fig. 2. It means that when the UAV flies close to each device,
the speed of UAV is slow down accordingly such that enough
TABLE I
THE OPTIMIZED ∆∗t FOR DIFFERENT NUMBER OF ACCESSIBLE DEVICES
Number of accessible devices Access technology Optimized ∆∗t
S = 3 NOMA 0.4543 s
S = 2 NOMA 0.4614 s
S = 1 TDMA 0.4689 s
data can be uploaded to the UAV over a better LoS link. This
phenomenon can be also observed from the change of UAV
speed in Fig. 9. The speed of UAV first reduces to zero when it
flies close to a device, after it collects enough data, the speed
switches quickly to Vmax in order to get close to the next
device.
In addition, the optimized ∆∗t for different number of
accessible devices S with N = 400, H = 150 m and
Ith = 100 bit/Hz is compared in Table I. Particularly, when
S = 1, the proposed NOMA scheme reduces to the TDMA
scheme. From the results, we can observe that increasing the
number of accessible devices S leads to a shorter ∆∗t , which
means that the data collection at the UAV is faster and more
efficient. However, a larger S compromises the instantaneous
uplink rate for each device, due to the stronger multiple-access
interference and more complex SIC. Furthermore, in practical
NOMA systems, the number of accessible devices in each time
slot should not be very large to avoid the imperfect SIC. Thus,
it is suitable for us to set S = 2 or S = 3 in practical systems.
V. CONCLUSIONS AND FUTURE WORK
In this paper, we have proposed a UAV-assisted uplink
NOMA scheme to achieve time-efficient data collection from
ground devices. The total flight time is equally divided into
N time slots, and the duration of each time slot is minimized
by jointly optimizing the straight-line trajectory, device
scheduling, and transmit power. Due to the non-convexity
of the optimization problem, we have decomposed it into
two steps. First, we propose a device scheduling strategy
based on the straight-line trajectory and the channel gains
between the UAV and devices. Then, the optimal duration
of each time slot can be obtained by two subproblems, i.e.,
the transmit power optimization and the UAV trajectory
optimization. Each subproblem is first converted into convex
by applying SCA, then solved by an iterative algorithm with
the device scheduling updated at the end of each iteration.
Simulation results show that the NOMA scheme requires less
time than the FDMA and TDMA schemes, and the proposed
scheduling strategy and optimization can significantly reduce
the operation time. In addition, the proposed scheme is
mathematically applicable to the 2D trajectory design.
However, when the network scale is large and the ground
devices are scattered, the proposed algorithm for the 2D
trajectory design fails to converge occasionally. The possible
reason is that under such circumstances, the UAV has to fly
a longer distance and the instantaneous device-UAV distance
is varying, resulting in a varying decoding order of NOMA.
In the future work, improved algorithms will be explored to
fully release the potential of UAV trajectory design for data
collection via NOMA. Furthermore, the user clustering and
12
the path discretization method will be considered to improve
the efficiency.
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